Background: People with disability, multiple chronic conditions or both may experience challenges in accessing primary care. We aimed to determine the association between appropriate cervical cancer screening and level of disability among women eligible for screening in Ontario and the influence of relevant sociodemographic and health-related variables, including level of morbidity (measured by number of chronic conditions), on screening.
I t is estimated that up to 90% of invasive cervical cancers can be prevented by regular screening. 1 Cervical cancer screening has been highly effective in Canada, where annual incidence and mortality rates have steeply declined in recent decades to among the lowest in the world. [1] [2] [3] This decline has been attributed to widespread use of the Papanic olaou (Pap) test. 3 In Ontario, current guidelines recommend that women 21 years and over who have ever been sexually active be screened every 3 years until the age of 70. 4 Cervical cancer screening, with its proven effectiveness, strong advocacy in clinical guidelines 4 and broad applicability, is an important example of a preventive intervention that should be equally accessible to all eligible women, regardless of concurrent illness or disability. However, the literature suggests that people with disabilities or multiple chronic conditions may experience challenges in accessing high-quality preventive health care. Those with multimorbidity and complex health care needs often receive incomplete care and may be less likely to receive preventive health services, despite using health services more frequently. [5] [6] [7] [8] [9] [10] [11] Although disability and multimorbidity have been studied individually, there is a gap in the literature with regard to understanding how disability and multimorbidity interact to influence screening. Therefore, we linked provincial survey and administrative data in a retrospective cohort study to determine the association between appropriate cervical cancer screening and levels of disability and multimorbidity among women eligible for screening in Ontario. We also examined the influence of additional sociodemographic and health-related variables on appropriate screening for these women.
The data sources used in this study were accessed at the Institute for Clinical Evaluative Sciences and included the 2005 and 2007/08 Canadian Community Health Surveys. The Canadian Community Health Survey is a cross-sectional selfreport survey administered by Statistics Canada. It gathers information on health status, health care utilization and health determinants for the Canadian population.
The Ontario Health Insurance Plan's Claims Database contains physicians' fee-for-service claims and its Registered Persons Database documents the age, sex, date of birth, date of death and postal code of each health card holder in the province. The Ontario Cancer Registry includes all Ontario residents who have been newly diagnosed with cancer or who have died of cancer. The Canadian Institute for Health Information Discharge Abstract Database contains information on all hospital discharges and corresponding diagnostic and procedure codes. Ontario residents were linked through all administrative databases and to the Canadian Community Health Survey by a unique anonymized identifying number.
Study population
The study population was drawn from respondents to the 2005 and 2007/08 Canadian Community Health Surveys who agreed to have their responses linked with their personal health information (approximately 30 000 people per survey cycle). We included female residents of Ontario who were 21-69 years of age and alive during an entire 3-year observation window (i.e., the 3 calendar years after completion of the survey: Jan. 1, 2006 to Dec. 31, 2008 or Jan. 1, 2009 to Dec. 31, 2011), were eligible for health care during the entire observation window and answered the survey's Participation and Activity Limitation questions. Any woman with a diagnosis of an invasive cervical cancer before the end of the observation window or with a prior hysterectomy was excluded, as she would not be eligible for screening for the entire 3-year period.
Definitions and measures
Following Statistics Canada, we defined disability as a limitation on performing daily activities because of a condition or health problem. 12, 13 We measured the level of disability using the Participation and Activity Limitation items in the Canadian Community Health Survey. [12] [13] [14] These items classify respondents by the frequency with which they experience activity limitations because of a condition (or conditions) or a long-term health problem that has lasted or is expected to last 6 months or more. We classified women who reported never, sometimes and often experiencing activity limitations as having no, moderate and severe disability, respectively.
We followed a definition of multimorbidity used in the literature as the co-existence of at least 2 chronic conditions in 1 patient. 15 We measured morbidity based on self-reported diagnoses of chronic conditions included in the Canadian Community Health Survey, namely arthritis, hypertension, chronic obstructive pulmonary disorder, diabetes, heart disease, cancer, stroke, dementia and mood/anxiety disorder. In 2009, more than 40% of Canadian adults reported having at least 1 of these conditions. 16 We classified level of morbidity as 0, 1 or at least 2 of these chronic conditions. Sociodemographic measures documented for each cohort member from the Canadian Community Health Survey included age, immigrant status, education level, household income and marital status. We obtained Rurality Index of Ontario scores and neighbourhood income quintile from administrative databases based on women's postal codes. 17 Other health-related measures drawn from administrative databases included health care use during the study period, namely the overall number of physician visits, family physician visits, specialist visits, emergency department visits and admissions to hospital.
We used Ontario Health Insurance Plan fee codes for Pap tests to identify appropriate cervical cancer screening. We examined screening rates over a 3-year period according to provincial guidelines, 4 specifically the 3 calendar years following each cohort member's completion of the survey.
Data analysis
We used descriptive statistics to characterize the study cohort. We also conducted parametric and non-parametric bivariable analyses. All statistical tests were performed at the 5% level of significance, were 2-sided and were carried out using SAS version 9.1.3 (SAS Institute, Cary, NC). We employed multivariable logistic regression to examine differences in cervical screening rates. Predictor variables included household income, age as a continuous variable, education, rurality, marital status, level of morbidity and level of disability. We also tested for an interaction effect between level of morbidity and level of disability. We excluded cases with missing data from the bivariable and multivariable analyses.
This study was approved by the Research Ethics Board of Sunnybrook Health Sciences Centre.
Results
Data were initially stratified by year of completion of the Canadian Community Health Survey; however, because differences were negligible, the survey cohorts were subsequently combined. Table 1 shows the demographic characteristics of the study cohort. A total of 22 824 women were included, 7600 of whom had some level of disability (moderate or severe). Women with disability tended to be older, less educated and have a lower income than women without disability. They were more likely to be separated or divorced and more than 4 times as likely to have at least 2 chronic conditions: 36.2% had at least 2 chronic conditions versus 8.4% of women without disability. Differences in sociodemographic characteristics tended to be more pronounced as level of disability increased from moderate to severe. During the study period, women with disability had significantly more family physician visits (mean 15.1 v. 10.7, p < 0.001), specialist visits (mean 8.1 v. 4.8, p < 0.001) and emergency department visits (mean 2.5 v. 1.6, p < 0.001) than women without disability. 
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Overall, 9549/15 224(62.7%) of women with no disability had been appropriately screened for cervical cancer compared with 4073/7600 (53.6%) of women with some level of disability. Bivariable analyses were conducted for all sociodemographic variables versus level of disability ( Table 2) . Screening rates were persistently significantly lower for women with disability than for those without disability across sociodemographic subgroups. As well, screening rates decreased across all levels of disability as age category increased, as level of education decreased, as household income decreased, as rurality increased and as number of chronic conditions increased. Screening rates were higher for married women than for women who were widowed, single, separated or divorced. Overall, the lowest screening rate was seen among women with severe disability and less than secondary school education (33.0%) and the highest rate was seen among women with no disability and a household income of at least $100 000 per year (72.4%).
An interaction was observed between morbidity and disability with regard to cervical cancer screening (Figure 1) . Across all levels of morbidity, screening rates decreased as level of disability increased, especially from moderate to Research CMAJ OPEN severe disability. Differences in screening rates were most pronounced among women with at least 2 chronic conditions, compared with those with 1 or none, particularly between those with moderate disability versus those with no disability.
Comparing the best-case and worst-case scenarios for disability and morbidity, 64.5% of women with no disability and no chronic conditions were appropriately screened compared with only 39.8% of women with severe disability and 2 or more chronic conditions. Multivariable logistic regression results are illustrated in Figure 2 . The interaction between level of morbidity and level of disability remained statistically significant after adjusting for other variables (p = 0.005). Age, rurality, education, marital status and household income were also each independently associated with cervical cancer screening.
Interpretation
In this retrospective cohort study, we found that women with disability had lower income, less education and fewer marital or common-law supports than women without disability. Socioeconomic status, disability and multimorbidity together 
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placed them at risk of low rates of cervical cancer screening. For example, only 33.0% of women with both severe disability and less than secondary school education were screened appropriately. We found a strong interaction effect between disability and morbidity, such that increased morbidity resulted in the greatest inequalities in screening among women with severe disability.
Explanation and comparison with other studies
Our findings suggest that women with disability, particularly those with multiple chronic conditions, are not consistently receiving appropriate cervical cancer screening in Ontario, despite having more contact with the health care system and with their primary care providers than their peers. There may be several reasons for these findings. Time constraints because of competing demands during primary care visits may play a major role, namely a focus on acute medical management of the patient's chronic conditions or disabilities. 6, 15, [18] [19] [20] [21] Physical limitations, both in getting to physicians' offices and within physicians' offices, such as getting on the examination table, have also been identified as potentially influencing screening practices for women with disabilities. 8, [22] [23] [24] [25] Physicians' "self-identified lack of confidence" (in appropriately treating patients with disabilities) has been noted in the literature. [26] [27] [28] Physician recommendation is known to be an important predictor of cervical cancer screening. 29, 30 Our findings also suggest that there is a significant effect 
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on screening when women with 2 or more chronic conditions move from no disability to moderate disability, but not for women with no chronic conditions or only 1. This may show that increased health care needs only become detrimental to screening at a threshold level of competing demands.
In our cohort, women were also vulnerable to underscreening because of their socioeconomic disadvantage. Women with less income and education are known to have lower cervical cancer screening rates relative to their more affluent and more educated peers, [31] [32] [33] [34] [35] [36] a disparity that is evident even within a universal health care system, such as Ontario's. Research has also suggested that married women are more likely to be screened, [37] [38] [39] [40] [41] [42] which is consistent with our finding that women who were less likely to be screened were also less likely to be in a married or common-law relationship. These women might perceive themselves as not being at risk of cervical cancer, but current guidelines recommend triennial screening for all women who have ever been vaginally sexually active. 4 Barriers to screening for socioeconomically disadvantaged women include not being able to afford transportation or child care, lack of awareness of the need for screening, low health literacy and, again, lack of physician recommendation. 29, 30, [43] [44] [45] Our results are consistent with other Canadian and international literature. A recent multi-country study showed that disability was consistently more prevalent in the poorest than richest quintiles. 46 In their population-based study, Cobigo and colleagues 47 showed that the proportion of Ontario women with intellectual and developmental disabilities who were not screened for cervical cancer was nearly twice that of women without these disabilities. Multimorbidity has been strongly associated with preventable hospital admissions, and this risk is exacerbated by socioeconomic deprivation. 48 Cervical cancer screening inequalities in Ontario have previously been shown among women of low income and foreign-born women, 32, 49, 50 and cervical cancer screening rates among Ontario women with traumatic spinal cord injury have been shown to be significantly influenced by income. 15 Women with an intermediate level of comorbidity have been found to have higher rates of cervical cancer screening than those with either a higher or lower level of comorbidity. 51
Limitations
This study has several limitations. First, some women with disability in our study may not have been appropriate candidates for cancer screening if they were not expected to live long enough to qualify for screening or were never sexually active. However, we suspect that patients in the former category would have been less likely to complete the Canadian Community Health Survey and that those in the latter category would be few, as 73% of women with a disability reported currently or previously being married or in a common-law relationship; we suspect that many of the remaining 27% (including widows) were also previously sexually active. Second, we used common definitions of disability and multimorbidity, but there is no consensus regarding a normative definition of either. Nevertheless, we found strong effects with relatively conservative cut-off values. Third, disability and multimorbidity were measured at the beginning of each woman's 3-year study period, and these might not have remained consistent over time. However, for most women, medical complexity would likely have remained the same or worsened over time. Fourth, the potential for selection bias exists with the Canadian Community Health Survey given its voluntary nature. Fifth, we did not examine race or ethnicity; however, we did examine immigrant status. Finally, we relied on secondary administrative data that were not expressly collected for research purposes, and we were limited by what is available. For example, it is not possible to know whether the disability was primarily physical or mental, whether a patient or the provider instigated screening or how women perceived their risk of cervical cancer. Similarly, administrative data do not allow us to identify how many women were offered a Pap test but declined. However, using administrative data allowed us to conduct a large, population-based study.
Implications for practice and future research
The disparities in screening that we observed may extend to other forms of preventive health care, such as screening for other cancers and other preventable chronic conditions. Therefore, in future research, we plan to examine breast and colorectal cancer screening and screening for diabetes and hyperlipidemia. It will be important to determine whether the inequalities we observed in this study are only applicable to preventive care procedures, such as cancer screening, or if they also extend to screening that is performed by simpler measures such as blood tests.
Conclusion
In this study, we found that women with disability, especially those with comorbid conditions, were not being screened for cervical cancer at the same rate as their peers. Women with disability were also more likely to have low income and low educational attainment, both of which were associated with lower rates of cervical cancer screening independent of disability and comorbidity. With the population aging and the number of people in Ontario with complex medical and social needs increasing, policymakers should take note of these results as they work toward improving cancer screening rates.
